The chemical gradient of oxygen in the Galaxy from planetary nebulae (PNe) has been closely investigated using a recent extensive fully homogenous set of chemical determinations (up to end of 2001) and various distant scales. The found gradient is quite flatter than believed so far, amounting to about −0.016 ± 0.008 log(O/H) kpc −1 insensitive to the distance scales, when all PNe of types I, II, III of Peimbert are used. The value is −0.02 ± 0.01 if only type II PNe are considered, thus reducing the ambiguity introduced by the mixing up of progenitors coming from a large spread in mass.
I N T RO D U C T I O N
The existence of chemical gradients of metals in spiral galaxies has been established long ago, both vertical, i.e. normal to the Galactic plane, and horizontal, i.e. across the Galactic plane or disc. The first type of gradients is commonly associated with the behaviour of stellar populations; both types are linked with the history of formation and evolution of the Galaxy.
Various kinds of objects can indeed serve to probe the metallicity across the Galaxy, at specific epochs with proper time resolutions.
Various useful categories of objects include metal-rich or perhaps super metal-rich stars (Spinrad & Taylor 1969) , H II regions, Population I OB stars belonging to open clusters or associations, Cepheid variables, planetary nebulae (PNe), supergiants, giant stars, SNRs, G & K main sequence stars (cf. Shaver et al. 1983; Schields 1990; Rollenston et al. 2000) . Each of them provides information on the metallicity of the interstellar medium at the epoch of their formation. Of course, the matter is complicated by the fact that some of the above categories of stars cover a significant spread in mass and then likely in time of formation (e.g. Maciel, Lago & Costa 2005) .
The precise knowledge of these gradients is clearly of great importance to fix constraints to the chemical evolution history of spiral galaxies (cf. Rana 1991; McWilliam 1997) and consequently of cosmological relevance too. Searle (1971) first interpreted observations of extragalactic H II regions belonging to the spiral galaxies M33 and M101, as pro-E-mail: mariop@arcetri.astro.it (MP); lmorbidelli@arcetri.astro.it (LM) viding evidence of a decrease of the abundance of O/H with the galactocentric distance in the disc.
Since then the existence of radial gradients of metals in spirals was found to be a general fact (cf. Shaver et al. 1983) , with changes between early-and late-type spirals and/or with the physical properties of the spirals, as mass, luminosity and gas fraction (cf. the review by Schields 1990) .
We are focusing in this paper the case of PNe in our Galaxy. We will see that the status of art is still far from being satisfactory, in spite of the numerous dedicated works by different authors along the years.
One must deal of course with chemical elements which did not suffer any appreciable modification from nucleosynthesis during the lifetime of the progenitors of PNe from their formation as progenitors out of the interstellar medium to the ejection of the nebula by the end of the asymptotic giant branch (AGB). The subsequent phase from the proto-PN to the presently observed PN phase is negligible in duration, and in any case the residual chemical burning does affect only a very minor layer of the nucleus with no inference at all to the chemistry of the nebula (cf. Iben & Renzini 1983) .
To explore the status of art of metal gradients in the Galaxy from PNe, we concentrate on oxygen, because it is the best and more extensively studied heavy element in PNe (see Perinotto 1991) .
We will see that a rather different slope of the gradient of O/H in the Galaxy has been determined by different authors along the years. It is then worthwhile to attempt to clarify the matter aiming to find out the most correct value of the gradient. This paper intends to bring a contribution in this direction. We start in Section 2 by summarizing the so far derived radial gradients of O/H in various types of objects.
To determine galactic gradients, one needs of course good determinations of chemical abundances and of distances. In Section 3, we present two comprehensive sets of abundances of PNe on which the present work is based.
In Section 4, we summarize the status of art with distances of galactic PNe and select some distance scales which we adopt for the present study. In Section 5, we derive new galactocentric gradients of oxygen using these data. At this stage, we consider together PNe of types I, II, III of Peimbert (1978) in order to have a better statistics.
With these data, we obtain a gradient lower than found in most previous studies. In Section 6, the analysis is pursued by separating PNe of different types. Results are presented in Section 7. Conclusions follow in Section 8. Table 1 reports the slope of the oxygen galactocentric radial gradient log (O/H) kpc −1 from PNe, derived by various authors. The distance of the Sun from the Galactic Centre was always assumed to be close to 8 kpc. Small differences in this quantity are of minor importance.
OX Y G E N G A L AC TO C E N T R I C G R A D I E N T I N T H E G A L A X Y
Values between −0.072 and −0.014 have been determined. We consider then worthwhile to examine closely the matter, using new data.
It is worth recalling the analogous information from young objects, as OB stars and H II regions. This is shown in Table 2 . Most results concentrate on a gradient slope of −0.07, except for the determination by Deharveng et al. equal to −0.04. It is out of the purpose of this paper to examine in any detail why this last gradient deviates from the others. Conservatively, we accept as relatively well established for young objects a gradient slope log (O/H) kpc −1 of −0.06 ± 0.02 in the usual units.
C H E M I C A L A B U N DA N C E S I N P N e
Chemical abundances in PNe have recently been reviewed by Perinotto, Morbidelli & Scatarzi (2004) . These authors have reanalysed all existing determinations of abundances (up to the end of 2001) going back to the originally observed emission-line fluxes satisfying some criteria of quality, and reprocessing all the data in a fully homogeneous way concerning: the reddening extinction correction, the procedure used to interpret the observations in terms of a proper model nebula and the needed atomic data. Observations made in different positions across the image of the nebula were not mixed up; chemical abundances pertaining to individual positions were calculated. An effort was dedicated to estimate in an objective way the accuracy associated with each elemental abundance, by propagating the observational errors of individual line fluxes across the whole procedure. Weighted averages were then made to evaluate the final abundances in each nebula, considering that different abundances in different positions across the nebulae could not be claimed to represent real variations except for very few objects (see Perinotto & Corradi 1998 ). These do not enter in our sample.
This work required to examine some 416 papers with original determinations of line emission fluxes between the mid-seventies of last century up to the end of 2001. Final abundances refer to some 131 galactic PNe.
We claim that these abundances represent a quite reliable homogeneous extensive set of PNe abundances. This is our set A. We also consider a further set (set B) as a control sample. It contains all the PNe abundances determined in the papers appeared between 2002 and 2005 (about 200 objects). The sources of these abundances are listed in Table 3 .
From both sets A and B, the halo PNe (type IV of Peimbert), identified as those in table 3 of Peimbert (1992) , have been excluded because of their particular nature.
We must comment on the problem of ionic abundances of heavy elements derived from the strong collisionally excited forbidden lines (CEL) versus those obtained by the faint, temperature insensitive, radiative recombination lines (RRL) (Liu et al. 1995 (Liu et al. , 2000 Liu 1998; .
The latter are found to be larger than the first by factors between 1.5 and 20 or more with no clear dependence on any nebular or stellar parameter. The understanding of this discrepancy is still matter of debate. It is accepted that abundances from RRL lines refer to a cold phase representing few per cent of the mass of the nebula. It is then justified to neglect them. Indeed all abundances we are using in the present paper are of the classical CEL type.
D I S TA N C E S O F G A L AC T I C P N e
To derive distances of PNe, one can use either direct methods or statistical methods. The last are based on the assumed constancy of a basic nebular or stellar parameter. Statistical determinations of distances of galactic PNe go back to the early thirties of last century, when assumption of the constancy of a basic PN parameter was made. This can be a nebular or stellar parameter or a combination of them. Examples are: the absolute photographic nebular magnitude M n (Zanstra 1931) ; the mass of the nebular shell (Minkowski & Aller 1954; Shklovski 1956) ; the difference between M n and the bolometric absolute magnitude of the central star M * bol (Kohoutek 1961) .
Distances to individual objects could be obtained using a variety of methods (cf. Acker 1978; Sabbadin 1986, hereafter S86). For example, these methods were used to find the distances of 81 PNe by S86.
Individual distances were used as 'calibrators' to construct statistical distance 'scale' by various authors across the years. Noteworthy are those by O'Dell (1962 O'Dell ( , 1963 , Seaton (1966 Seaton ( , 1968 , Cahn & Kaler (1971) , Milne & Aller (1975) , Cahn (1976) and Khromov (1979) .
It became later clear that evolutionary effects enter the subject, so that they must be considered in the procedure. The first suggestion in this direction was, to our knowledge, made by Kohoutek (1961) . Other significant works in the field are e.g. by Maciel & Pottash (1980) , Daub (1982) and Maciel (1984) .
Subsequently, various sets of extensive lists of distance did appear as those by Cahn, Kaler & Stanghellini (1992) (hereafter CKS92), van de Steene & Zijlstra (1995) , Zhang (1995) (hereafter Z95), Schneider & Buckley (1996) , Bensby & Lundstrom (2001) , Phillips (2002) (hereafter P2002) and Phillips (2004) . See the last paper for a relative evaluation of their merits.
We concentrate in the following on P2002, Z95 and CKS92. To these, we add the distances compiled by S86, although he has quite less PNe than the above three authors, because his distances are all from direct methods and thus conceivably rather precise. From him, we do use only PNe which he declares accurate to within a factor of 1.5 or better.
N E W E S T I M AT E S O F C H E M I C A L G R A D I E N T S F RO M P N e
New estimates of chemical gradients have been made using sets A and B of chemical abundances and the distance scales by P2002, Z95 and CKS92, as well as those compiled by S86.
We adopt 8.0 kpc for the distance of the Sun from the Galactic Centre, considering that there are determinations just above or below this value.
Results are shown in Fig. 1 for set A and Fig. 2 for set B using distances by P2002, Z95, CKS92 and S86 projected on the Galactic plane.
Linear least-squares fits to the data, taking into account the indi- 
with distances from P2002, Z95, CKS92 and S86 for equations (1), (2), (3) and (4), respectively. Analogously for set B,
Note that in set A each point refers to one PN while in set B the same nebula can appear more than once, due to measurements of the oxygen abundance done in more than one paper.
The slopes of new gradients are summarized in Table 4 . It is interesting to see that set A of abundances yields a very similar slope of −0.016 ± 0.010 for the four distance scales used. This behaviour with still lower slopes occurs also for set B.
Noteworthy the newly found slope of the oxygen gradient is quite lower than most found in the past (see Table 1 ) and indeed barely support the existence of a gradient.
To search the reason of the discrepancy, we note that both sets A and B refer to PNe of all Peimbert's types, except type IV, while most of the studies reported in Table 1 refer to only type II PNe. The reason of our choice, as said, was to improve the statistics. On the other hand, it is known that PNe of different Peimbert's types are associated with progenitors of different mass, what might well hide physical effects linked to the age of the progenitors. We then pursue the analysis by considering the different PNe types.
N E W OX Y G E N G R A D I E N T S A S F U N C T I O N O F T H E P E I M B E RT ' S T Y P E
We have separated PNe of sets A and B according to their Peimbert's type (Peimbert 1978; Peimbert & Torres-Peimbert 1983 , hereafter PTP) as revised by Pasquali & Perinotto (1993) 
R E S U LT S O F T H E A NA LY S I S
For both sets A and B, PNe of type I do not show any gradient out of the errors.
Set A, for both types II and III PNe, shows the presence of a very weak gradient. Type III sample is, however, statistically less significant. We are then brought to consider as meaningful only the gradient exhibited by type II PNe.
In set B, neither type II nor type III PNe show any significant gradient.
The slopes of the linear fit to the oxygen abundance versus galactocentric distances for both set A and B, together with their errors, are reported in Table 5 .
Plots showing the results are presented in Figs 3 and 4 for set A, type II and type III, respectively. As usual, distances are from P2002, Z95, CKS92 and S86, projected on the Galactic plane. 
C O N C L U S I O N S
A new analysis of the chemical gradient of oxygen from galactic PNe indicates a gradient much lower than accepted by most previous studies. When working with only Peimbert's type II PNe, as done by most recent authors, we obtain a slope of −0.02 ± 0.01 A control sample composed by all the determinations of oxygen abundance in galactic PNe from very recent works (2002) (2003) (2004) (2005) , excluding our 2004 paper) does not indicate a gradient out of the errors. This suggests that homogeneity is important to extract the information.
The found low slope differs from what accepted by most authors (see Table 1 ). The reason of this discrepancy has not been identified. On the other hand, quite a significant scatter in the oxygen galactocentric gradient is reported in the literature, something that in our opinion has not received enough attention so far.
Further work is certainly necessary in order to clarify the issue, which is of course of prime importance for the evolutionary history of the Galaxy.
If our result will be confirmed, one should conclude that while H II regions are good tracers of the present epoch metal gradients, PNe, whatever is the gradient at the moment of formation of the progenitors, having undergone two major processes of mixing in their envelops (red giant branch and AGB), might have lost the ability to be good tracers of oxygen gradients in the interstellar medium at the time of formation of the progenitors.
